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Abstract:
Populations that live along an environmental gradient (i.e., a location of gradual 
change in environmental factors over space) will adapt to local conditions, thereby 
creating a trait gradient; also called a cline. In a population of three-spine 
stickleback adapting along a marine-freshwater gradient, we asked how stable such 
clines are over time. We replicated a study by Vines et al. (2016) in Bonsall Creek 
which studied how five traits evolved along the gradient (i.e., the shape and position 
of their clines). We collected from the same sites and measured the same traits in 
2020. We found that two of the five traits showed consistent patterns across time; 
armor traits that experienced loss. Across hundreds of stickleback populations, 
armor loss is what most consistently evolves in freshwater stickleback. The temporal 
instability in non-armor traits suggests that the environmental conditions that 
generate selection for those traits are more variable through time.
Introduction:
 Adaptation along an environmental gradient is a tug of war between divergent 
selection and homogenizing gene flow.
 Vines et al. (2016) measured clines from 2011 stickleback samples in five 
morphological traits along a marine freshwater gradient (Figure 1), theorizing that 
they could infer the strength of selection from from cline slopes and centers 
(Figure 2).
 The strength of selection can impact the shape of the clines
○ Clines grouped by strong indirect selection are steeper where linkage 
disequilibrium is highest
○ Clines grouped by strong direct selection are shaped based on one locus 
alone or, if based on environmental factors, the cline may occur away 
from the others
 Thus, looking at cline coupling and uncoupling but more importantly at the shape 
of clines can indicate whether indirect or direct selection is playing a factor
○ If the clines remain unstepped and have similar centers then they are 
likely experiencing the same direct selection independently of one 
another which is unlikely
 Vines et al. (2016) found that cline positions were shared, but sigmoid, suggesting 
a complex mix of direct and indirect selection, and a complex genetic basis 
underlying those traits. They could not tease these possibilities apart.
 To remedy this knowledge gap, we set out to replicate Vines et al. (2016) in 2020, 
to test for temporal stability of the clines and perhaps better tease apart direct 
from indirect selection.
Methods:
 We revisited Vines' sites in 2020, capturing adult fish 
every 100-150m at sites 1.65km, 1.80km, 1.95km, 
2.10km, 2.20km, 2.30km, 2.40km, 2.50km, 2.60km, 
2.70km, 2.80km, 3.70km, and 4.00km (denoting 
distance from the sea)
○ The upstream limit of saltwater was 
determined to be 2.5km upstream from the 
sea by using a YSI 85 
Handheld conductivity and Oxygen reader.
 Following Vines et al, we measured 476 fish for the 
following traits:
○ standard length, eye diameter, head depth, 
body depth, left pelvic spine length, second 
dorsal spine length, dorsal fin length, caudal 
peduncle depth, and pectoral fin length 
(Figure 2)
 All figures created and data manipulation 
were performed on RStudio.
○ Data manipulation included correcting data 
entry error and the exclusion of outliers.
Results & Discussion:
 Our results found two traits, left pelvic spine length and second dorsal spine length, that had temporal stability in their clines when compared to Vines et al. (2016)
 The left pelvic spine length and second dorsal spine length clines had similar cline centers and slopes that resembled those in the Vines et al. study.
 These traits are associated with armor. Their clines reveal armor reduction.
○ Armor loss in freshwater has been observed in hundreds of freshwater populations of stickleback, suggesting that selection against armor is strong and 
consistent regardless of other ecological details. This may be why these clines are temporally stable. 
 Temporal stability in those clines, as well as similar slopes and centers, also suggests that the genetic variants underlying loss are linked. 
 Our data thus shows that there is temporal variability in cline shape and position for at least three of the traits measured; dorsal fin length, caudal peduncle depth, and 
pectoral fin length.
 We note that the salinity gradient was much different in 2020. In 2011, there was a sigmoid cline in salinity values from 1.6km to 4.0km, with salinity falling below 1ppt by 
3km from the sea. In 2020, salinity was only detected at 1.65 and 1.8km. Thus, there was environmental variability through time, which could explain why clines differed 
in the other three traits. 
 Future work: 
 We have yet to formally calculate clines for the 2020 data and so have yet to formally compare 2020 to 2011. 
 We plan to replicate Vines et al.’s (2016) sequencing approach, to find genotypic clines and ask about their stability.
 We also will be collecting data on the armor level of the stickleback; high, partial, and low to see how that is affected in hybridized stickleback.
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Figure 1. Collection sites for Vines et al. 2016. The gray area is 
salt water which can reach up to 2.35km into the stream 
during high tide. We collected from the same sites, except for 
2.9, 3.0, 3.2, and 3.3km upstream, in 2020. Figure from Vines 
et al. (2016). 
Figure 3. Lateral image showing measurements for six traits Eye diameter was measured 
horizantally. Head depth was measured from the posterior side of the pin to the posterior 
side of the bottom pin. The body depth was measured anterior to the first dorsal spine to the 
anterior or the bottom pin. The second dorsal spine was measured from the base of the body 
to the tip of the spine. Dorsal spine length was measured from the base of the third dorsal 
spine to the pin. Caudal peduncle length was measured from the end of the tail and directly 
downward. Standard length, left pelvic spine length, and pectoral fin depth are not pictured 
as they were measured by hand via caliper.
Figure 4. Five morphological traits 
showed significant clines in 2011. 
Points are the size-corrected trait 
values. The solid line is the fitted 
cline, whereas the grey band 
shows a confidence interval. 
Figure from Vines et al. 2016.
Figure 2. Each panel shows 
clines for three traits as they 
transition from one habitat to 
the other. The arrows on the 
x-axis denote where selection 
acts to favor one form versus 
the other. Clines should be 
stepped and transition 
together when indirect 
selection predominates (A, 
C). They will be sigmoid if 
direct selection acts 
individually on each trait (B, 
D). If the latter, clines can 
share centers if selection acts 
on each trait in the same 
place (B). They will be 
decoupled if the site of 
selection varies by trait (D). 
Figure from Vines et al. 
(2016). 
Figure 5. Plots of the same five 
morphological traits, from the 
same sites, for fish collected in 
2020. Open circles are size-
corrected trait values. Red squares 
are trait means per site, with 
standard errors. Clines for the two 
armor traits appear to be similar to 
clines measured in 2011. Clines for 
dorsal fin, caudal peduncle, and 
pectoral fin length are not.
Question
 Are the cline slopes and centers for the five traits 
measured in 2011 (Vines et al. 2016) the same in 
2020?  
 Can we discern the temporal stability of the type and 
position of selection by comparing these two time 
points?
 Is the hybrid zone between the freshwater and marine 
populations stable?
